Introduction
In the past two decades, mitochondrial DNA (mtDNA) variation analyses have been extensively used to study the with special emphases on (1) a comparison of the two data sets and (2) the maternal genetic structure and genetic relationships among the four populations.
Material and methods

Sampling
Since the Va and Lahu population samples were not included in our previous work (Yao et al. 2002a ), we collected data from 38 Vas from Ximeng and Gengma, Yunnan Province, and from 35 Lahus from Lancang, Yunnan Province, to compare with the data reported by Qian et al. (2001a) . Additionally, samples from three Dai from Xisuanbanna, Yunnan Province, were also sequenced here. All the individuals gave informed consent. Further sample information of the data considered here is listed in Table 1. HVS-I amplification, sequencing, and additional polymorphism typing
The HVS-I segments were amplified and sequenced as described in our previous studies (Yao et al. 2000a; 2002a) . Then, the sequences were edited and aligned by using Dnastar software (DNASTAR, Madison, WI, USA) and compared with the revised Cambridge reference sequence (CRS, Andrews et al. 1999) . The length polymorphisms of the A and C stretches in region 16180-16188 (triggered by the 16189 T to C substitution; nucleotide positions are relative to CRS) were disregarded in the analyses. Those individuals who had not yet been screened for the mtDNA 9-bp deletion in the COII/tRNA Lys intergenic region (Yao et al., 2000b were typed for the deletion as described in those studies. In addition, five individuals (four of them bearing the HVS-I motif of haplogroup M9 and one without the motif) were also typed for the site 3394 mutation by using the same primers and conditions as described by Yao et al. (2002b) .
Data analyses
We used the same strategy as before (Yao et al. 2002b ) to predict the potential haplogroup status of the previously reported mtDNAs (Qian et al. 2001a; Yao et al. 2002a ) as well as that of the new data considered here: we classified the mtDNAs into haplogroups according to the HVS-I motifs and (near)matching with the 327 Han mtDNAs (Yao et al. 2002b; Kivisild et al. 2002) . When naming haplogroups, we followed the spirit and process described in Yao et al. (2002b) and Kivisild et al. (2002) . Since the characteristic motif of haplogroup M10 (Yao et al. 2002b ) is based on a recurrent site (16311) in HVS-I (Hasegawa et al. 1993 ) and site 10646 was unavailable in the present data, we do not highlight M10 here. All the potential M10 types were just regarded as M* types.
We computed the haplogroup frequencies in the data set of Qian and his colleagues (2001a) and in our own data (Yao et al. 2002a, current study) , to compare these two data sets from different labs and to determine whether there were any differences in the genetic components of the four ethnic populations. Then, haplogroup frequency profiles were subjected to principal component (PC) analyses to obtain a rough image of the maternal genetic relationship among the samples. Table 2 displays the two data sets together with haplogroup classifications. In all, 25 (sub)haplogroups can be identified in the data sets, as shown in Fig. 1 . One Va individual could not be further classified into the specific haplogroups of R that have been identified (R* in Table 2 ; Yao et al. 2002b; Kivisild et al. 2002) . Two Dais had no mutation in the HVS-I sequence compared with the CRS (Andrews et al. 1999 ), but matched two Han individuals (one belonging to haplogroup F2, and the other to M7) from Guangzhou, Guangdong Province (Kivisild et al. 2002) . Thus, they might be of the F2 or M7 type. Six individuals (2 Dais, 4 Lahus) bore the motif 16304-16309-16390 that occurred in one Han individual from Xinjiang, China (Yao et al. 2002b ), which we named haplogroup R10, although no coding-region information or representative complete sequences are available for this haplogroup. The R10 motif also presented in two Taiwanese Han individuals (Tsai et al. 2001) , and in two Zhuangs from Guangxi Yao et al. 2002a ), but it is very rare in the reported data from other northern populations or populations of northern origin (Schurr et al. 1999; Yao et al. 2000a Yao et al. , 2002a . Therefore, haplogroup R10 tends to be restricted to southern populations. Twentytwo haplotypes had many uncertainties when we considered their HVS-I variations and were classified as M* types. In these M* types, several clades with specific motifs could be discerned: The haplogroup classification of the mtDNAs contradicts the results of the phylogenetic analysis performed by Qian et al. (2001a) by using the NJ method: in the eight clusters seen in their Figure 2 , F types were divided into clusters 3 and 4 and D types were separated into clusters 7 and 8. The seventh cluster is very artificial from a phylogenetic point of view, for it contains types (M7b, D, M*, N9a, and A) from both macro-haplogroups M and N. Cluster 8 is also paraphyletic, for it harbors M*, D, D5, G2a, and M9 types. Thus, the apparent clusters in the NJ tree without reference to mtDNA phylogeny should be taken with extreme caution (Yao et al. 2002b) .
Results and discussion
Haplogroup identification
Errors detected in the data sets For many reasons, errors in the published HVS-I data were not infrequent, as was summarized by Bandelt et al. (2001) . By constructing a network relationship of the haplotypes (Bandelt et al. 1995 (Bandelt et al. , 2000 and (near)matching them with published data sets, the potential errors in the data could be well distinguished. In the data of Qian et al. (2001a; their Figure 1 ), several mistakes caused by base shifts are evident: (1) one Z haplotype (31) has a base shift at site 16185, and the original 16186 mutation is thus a mistake; (2) two D5 haplotypes (56 and 57) have a base shift at site 16189 so that the 16188 mutations in these two types are mistakes; and (3) haplotype 57 also has base shifts at sites 16164 and 16172, and the 16165 and 16173 mutations are mistakes. Note that all these obvious errors were found in both papers of Qian et al. (2001a, b) . Moreover, Qian et al. (2001a) incorrectly identified type 57 as from a Dai individual and type 58 as from a Lahu individual in their Figure 1 . Haplogroup status of each mtDNA was predicted according to the strategy described in Yao et al. (2002b) . Those haplotypes with many ambiguities in haplogroup classification (including the potential M10 types) but having the 16223 mutation were regarded as M* types. Those mutations present in the fragments [from site 16048 to site 41 relative to the numbering of the Cambridge reference sequence (CRS)] sequenced by Qian et al. (2001a) , but not in the fragments (from site 16001 to 16497) that we sequenced are in parentheses. The restriction enzyme HaeIII that was used for site 3394 typing in haplogroup M9 is designated by "e." The minus and plus signs denote the absence and presence, respectively, of the restriction site. The length polymorphisms of the A and C stretches in region 16180-16188 (triggered by the 16189 T to C substitution) are not included in the table a These two mtDNAs had no mutation compared with the CRS (Andrews et al. 1999 ). Although they might be F2, M7, or another type, we regarded them as F2 types for the haplogroup frequency computation Haplogroup profiles and PC analysis Table 3 presents the haplogroup frequency profiles of the two data sets and of the pooled samples from each ethnic population. Haplogroup D, which is absent in the Tibetan data of Qian et al. (2001a) , was found in about 50% of individuals in our Tibetan data. Haplogroups Z and A, which are either absent or present with relatively low frequency in our Tibetan population, are present with considerably high frequencies (25%) in the Tibetan data of Qian et al. (2001a) . The fact that most of our Tibetan subjects (32 individuals) were from an isolated village in the hilly region of Deqin County (Yao et al. 2002a ) as well as the large Tibetan population (Ͼ4,600,000, 1990 census; Du and Yip 1993) could account for the differences between the two data sets. Haplogroup M9, which has high frequency in northern populations (Yao et al. 2002b) , is found in both data sets of Tibetan mtDNAs, and is thus one of the major components of the Tibetan gene pool. Although no statistically significant differences were found between the other three pairs of sample populations (Dai-1 vs Dai-2, Lahu-1 vs Lahu-2, and Va-1 vs Va-2), some features should still be mentioned: haplogroup N9a, which might have a southern origin and is present mainly in populations of ancient Pai-Yuai tribe origin (author's unpublished data), was found only in two Dai individuals by Qian et al. (2001a) ; haplogroup G2a, which is prevalent in northern or northwestern populations, was found in one Va by Qian et al. (2001a) ; the newly defined haplogroup, R10, presented at a high frequency (12.5%) in the Lahu sample of Qian et al. (2001a) , but was not found in our Lahu sample. Because the sample sizes in the data of Qian and his colleagues were relatively small (with the exception of the Lahu, 32 individuals; the sample size was Յ24 for each of the other three populations), the differences observed here may be due either to insufficient sampling or potential regional differences and should be taken with caution.
The PC analysis of the haplogroup profiles of the two data sets (Table 3 ) presents a general view of the differences considered (Fig. 2) . The relative locations of the four sample populations in the data of Qian et al. (2001a) and in our data (Yao et al. 2002a ; current study) are roughly the same on the PC map, although the differences between the two Tibetan population samples and between the two Dai population samples are quite obvious and more pronounced. We also performed a PC analysis of the haplogroup profiles of these eight population samples and of the four pooled samples of each ethnic population, but the result was hardly changed (map not shown). Thus, the relative genetic relationships among the four ethnic populations could be demonstrated by both data sets, more or less.
Genetic structure and demographic events
On the basis of the presence of certain lineages in each pooled sample of the four ethnic populations (Table 2 ) and the haplogroup profiles (Table 3) , we may tentatively infer the respective gene pool of the four populations. The Tibetan population, which has ancestral affinity to the ancient nomadic tribes of northwest China (Du and Yip 1993) , contains high frequencies (Ͼ60%) of haplogroups preva- Table 3 . Haplogroup frequency profiles of the four ethnic populations Qian et al. 2001a Yao et al. 2002a ; current study Haplogroup frequencies in the pooled samples of each ethnic population are listed in the last four columns lent in northwest, north, and central China, such as D, M9, A, and Z. Thus, it is a typically northern population. In the Dai, of ancient south Pai-Yuei tribe origin, the south-prevalent haplogroups, such as F, B, and M7b, have high frequencies and occupy more than 60% of this population's genetic pool. Haplogroup C, which is prevalent in northeast Asia (Schurr et al. 1999) and is one of the five Amerindian founder genes (Forster et al. 1996) , presents with a relatively high frequency in the Dai (9.7%). The Vas are regarded as the earliest inhabitants of southwest Yunnan, and they speak a Mon-Khmer language that belongs to the south Asian language family (Du and Yip 1993) . However, the maternal genetic structure of the Va bears the signatures of both southern and northern or northwestern populations: it contains relatively high frequencies of D lineages (Ͼ20%) as well as G2a and M9 lineages; on the other hand, it harbors haplogroup F1a at high frequency (37.9%). We suspect that the Va might have received genetic contributions from north or northwest China, possibly during the southwest migration of the ancient Di-Qiang tribe that occurred around 4000-5000 and 2000-2500 years ago (Du and Yip 1993; You 1994) , but this suggestion is not supported by archaeological artifacts, language, or historical records. The Lahus trace their origin to the ancient Di-Qiang tribe and were distributed in the Erhai area of Yunnan around the 8th century (Du and Yip 1993; You 1994) . When the Nanzhao regime was flourishing in this region (A.D. 649-902) the ancestors of the Lahu (which were divided into three main ethnic branches: Lahu Xi, Lahu Pu, and Lahu Na) were compelled to move further southward, with the Lahu Xi and Pu people later dispersing in the area between Jindong, Pu'er, and Yuanjiang counties, and the Lahu Na people settling in Lanchang County and adjacent regions (Du and Yip 1993) . Subsequent migrations of the Lahus were not on such a large scale (Du and Yip 1993) . The genetic evidence provided here gives no direct support to the historical affinity of the Lahu with the ancient DiQiang tribe: the south-prevalent haplogroups B, F, and R10 occupy more than 60% of their gene pool, whereas in other populations of Di-Qiang origin, such as the Tibetan, Nu, and Lisu populations, more than 60% of lineages are of the D, A, C, and Z types (Yao et al. 2002a ). However, the populations of Di-Qiang tribe origin might have undergone recurrent genetic drift during their southward migrations and subsequent settlement, which may account for the lower diversity observed in the sample populations (Yao et al. 2002a ). As shown in Table 2 , only 18 haplotypes were found in 67 Lahus, and one haplotype (d40) occurred in 18 individuals, while in the Dai sample population, 52 haplotypes were identified in 62 individuals. Moreover, the Lahus have a high frequency of consanguineous marriage (Du and Yip 1993) . This nuptial custom would enhance the effect of genetic drift. Therefore, the possibility that a genetic imprint of the ancient Di-Qiang tribe in the Lahu was erased by a strong genetic drift effect can not be excluded. The following scenario for the Lahu is compatible with the results observed here: during their migrations and settlement, the original founder lineages of the Lahus might have been lost (at least in part) because of the instability and fragmentation of the population; at the same time, the Lahus might have assimilated genes from the local people, and the lineages that remained in their gene pool might have drifted further because of the consanguineous marriage custom.
The nucleotide sequence data reported here have been submitted to the GenBank database under the accession numbers AF478609-AF478682.
Conclusion
The origin and development of ethnic population groups is a very complex process. Hypotheses that are based on different (limited) data sets or different analysis methods may contradict each other, (cf., the hot debates concerning the peopling of East Asia: Su et al. 1999; Ding et al. 2000; Karafet et al. 2001; Yao et al. 2002b) , and this enlivens endless interest as well as serves as an impetus for the development of the field. Hence, similar studies on the same populations are necessary and may bring us to a better understanding about the past. The reanalyses of the two data sets suggests that both the studies of Qian et al. (2001a) and those of Yao et al. (2002a) might not be sufficient for fully reconstructing the real story. Sampling methodology is very important when addressing the genetic relationships and structures of ethnic populations, because potential regional differences resulting from different retained amounts of ancient genetic material as well as from the effects of later demographic events, such as genetic drift during migration and settlement and gene assimilation, might hinder our ability to recognize the whole story of the entire ethnic groups labeled Dai, Lahu, Tibetan, and Va. Therefore, the validity of results is restricted to the regional sample populations analyzed (Yao et al. 2002a ). On the other hand, from this regional gene pool, a glimpse of the past is not impossible. When more data are available, we may finally get closer to the shadowy past lost in the long corridors of deep time. Table 3 . The data from Qian et al. (2001a) and our own data (Yao et al. 2002a ; current study) are marked by adding "Ϫ1" or "Ϫ2," respectively, after the sample names
